In this article, we calculate the strong coupling constant g ∆N π and study the strong decay ∆ ++ → pπ with the light-cone QCD sum rules. The numerical value of the strong coupling constant g ∆N π is consistent with the experimental data. The small discrepancy maybe due to failure to take into account the perturbative O(α s ) corrections.
Introduction
The ∆(1232) resonance dominates many nuclear phenomena at energies above the pion-production threshold and plays an important role in the physics of the strong interaction. It is almost an ideal elastic πN resonance, and decays into the nucleon and pion (∆ → Nπ) with the branching fraction about 99%. The only other (electromagnetic) decay channel (∆ → Nγ) contributes less than 1% to the total decay width [1] . There is a very small mass gap (less than 300MeV) between the ∆ and the nucleon, and the ∆(1232) is taken as an explicit dynamical degree of freedom in the heavy baryon chiral perturbation theory [2] .
In this article, we calculate the strong coupling constant g ∆N π with the light-cone QCD sum rules, and study the decay width Γ ∆→N π . The strong coupling constants of the octet baryons with the vector and pseudoscalar mesons g N N V and g N N P have been calculated with the light-cone QCD sum rules [3] . The light-cone QCD sum rules carry out the operator product expansion near the light-cone x 2 ≈ 0 instead of the short distance x ≈ 0 while the nonperturbative hadronic matrix elements are parameterized by the light-cone distribution amplitudes instead of the vacuum condensates [4, 5] . The nonperturbative parameters in the light-cone distribution amplitudes are calculated with the conventional QCD sum rules and the values are universal [6] .
The article is arranged as: in Section 2, we derive the strong coupling constant g ∆N π with the light-cone QCD sum rules; in Section 3, the numerical result and discussion; and Section 4 is reserved for conclusion.
2 Strong coupling constant g ∆Nπ with light-cone QCD sum rules
In the following, we write down the two-point correlation function Π µ (p, q),
where the baryon currents J p (x) and J µ (x) interpolate the octet baryon p and decuplet baryon ∆ ++ respectively [7] , the external state π has the four momentum p µ with p 2 = m 2 π . The general form of the proton current can be written as [8] 
in the limit t = −1, we recover the Ioffe current. If we retain the additional parameter t and choose the ideal value, the sum rule maybe improved, in this article, we choose the Ioffe current for simplicity. The correlation function Π µ (p, q) can be decomposed as
due to the Lorentz invariance, where the Π and Π i are Lorentz invariant functions of p and q. In this article, we choose the tensor structure σ αβ p α q β p µ for analysis. The strong coupling among the ∆, p and π can be described by the following chiral Lagrangian [2] ,
Basing on the quark-hadron duality [6] , we can insert a complete series of intermediate states with the same quantum numbers as the current operators J p (x) and J µ (x) into the correlation function Π µ (p, q) to obtain the hadronic representation. After isolating the ground state contributions from the pole terms of the baryons p and ∆, we get the following result 2 ,
2 In the first version of this article(arXiv:0707.3736), the numerical factor 1 3 is missed in g∆Nπ 3 σ αβ p α q β p µ and we obtain too small value for the strong coupling constant g ∆N π to accommodate the experimental data.
where the following definitions have been used,
where λ * is the pole residue and M * is the mass. The spinor U * (p, s) satisfies the usual Dirac equation ( p − M * )U * (p) = 0. If we take the phenomenological Lagrangian,
, the contributions from the 1 2 − states can be written as
where the Π i are Lorentz invariant functions of p and q. If we choose the tensor structure σ αβ p α q β p µ , the ∆ * has no contaminations. In the following, we briefly outline the operator product expansion for the correlation function Π µ (p, q) in perturbative QCD theory. The calculations are performed at the large space-like momentum regions (q + p) 2 ≪ 0 and q 2 ≪ 0, which correspond to the small light-cone distance x 2 ≈ 0 required by the validity of the operator product expansion approach. We write down the "full" propagator of a massive light quark in the presence of the quark and gluon condensates firstly [4, 6] 3 ,
then contract the quark fields in the correlation function Π µ (p, q) with the Wick theorem, and obtain the following result,
Perform the following Fierz re-ordering to extract the contributions from the twoparticle and three-particle π-meson light-cone distribution amplitudes respectively,
and substitute the hadronic matrix elements (such as the 0|ū(
) with the corresponding π-meson light-cone distribution amplitudes 4 , finally we obtain the spectral density at the coordinate space. Once the spectral density in the coordinate space 3 One can consult the first article of Ref. [4] and the second article of Ref. [6] for the technical details in deriving the full propagator. 4 In calculations, we have used the relations
is obtained, we can translate it into the momentum space with the D = 4 + 2ǫ dimensional Fourier transform,
where
The ǫ is a small positive quantity, after taking the double Borel transform, we can take the limit ǫ → 0.
There is no contribution from terms of the formφ π (u), while there is rather large contribution from that terms in the sum rules for the strong coupling constant g N N π , see the article "V. M. Braun and I. E. Filyanov, Z. Phys. C44 (1989) 157" in Ref. [4] . If we replace the decuplet baryon current J µ (x) with the octet baryon current J n (x) (interpolating the neutron) and study the strong coupling constant g N N π , the Feynman diagrams are quite different. Our mathematica code can be used to calculate the strong coupling constant g N N π and produce the termsφ π (u).
The decuplet baryon current J µ (x) and octet baryon current J p (x) have the Dirac structures γ µ ⊗ 1 and γ α ⊗ γ α γ 5 respectively, where ⊗ stands for the u quark fields. The Dirac structure γ α γ 5 corresponds to the twist-2 light-cone distribution amplitude φ π (u). If we replace one of the "full" u quark propagators with the quark condensate, the termsφ π (u) in the correlation function Π µ (p, q) have the Dirac structures γ µ γ α γ λ or γ µ γ λ γ α , which are chiral even, because only the perturbative part of the other "full" u quark propagator has contribution. It is not unexpected that they have no contribution to the chiral odd structure σ αβ p α q β p µ .
The light-cone distribution amplitudes φ π (u), A(u), φ 3π (α i ), A ⊥ (α i ), A (α i ), V ⊥ (α i ) and V (α i ) of the π meson are presented in the appendix [10] , the nonperturbative parameters in the light-cone distribution amplitudes are scale dependent, in this article, the energy scale is taken to be µ = 1 GeV. The contributions proportional to the G µν can give rise to three-particle (and four-particle) meson distribution amplitudes with a gluon (and quark-antiquark pair) in addition to the two valence quarks, their corrections are usually not expected to play any significant roles 5 . In this article, we take them into account for completeness.
Taking double Borel transform with respect to the variables Q
2 respectively (i.e.
Γ[n]
[u(1−u)m 2 ), then subtract the contributions from the high resonances and continuum states by introducing the threshold parameter s 0 (i.e.
, finally we obtain the sum rule for the strong coupling 5 For examples, in the decay B → χ c0 K, the factorizable contribution is zero and the nonfactorizable contributions from the soft hadronic matrix elements are too small to accommodate the experimental data [11] ; the net contributions from the three-valence particle light-cone distribution amplitudes to the strong coupling constant g Ds1D * K are rather small, about 20% [12] . In Ref. [13] , we observe that the contributions from the three-particle (quark-antiquark-gluon) lightcone distribution amplitudes are less than 5% for the strong coupling constants g D * D * P . In this article, the contributions from the three-particle light-cone distribution amplitudes are about 10%. The contributions from the three-particle (quark-antiquark-gluon) distribution amplitudes of the mesons are always of minor importance comparing with the two-particle (quark-antiquark) distribution amplitudes in the light-cone QCD sum rules. In our previous work, we also study the four form-factors f 1 (Q 2 ), f 2 (Q 2 ), g 1 (Q 2 ) and g 2 (Q 2 ) of the Σ → n with the light-cone QCD sum rules up to twist-6 three-quark light-cone distribution amplitudes and obtain satisfactory results [14] . In a word, we can neglect the contributions from the valence gluons and make relatively rough estimations in the light-cone QCD sum rules.
In the following, we present an ansatz for the spectral density at the level of quark-gluon degrees of freedom [15, 16] . Firstly, we perform a double Borel transform for the correlation function (which is denoted as
symbolically) with respect to the variables Q 2 1 and Q 2 2 respectively, and obtain the result,
Finally we take a double Borel transform with respect to the variables σ 1 and σ 2 respectively, the resulting QCD spectral densities read
The threshold parameter s 0 is taken as s 0 = max(s are the threshold parameters for the channels 1 and 2 respectively. The quantity
π is tiny and can be safely neglected. Our approach (i.e. performing a double Borel transform and taking a replacement
.) is an indirect way to obtain the same results.
Numerical result and discussion
The input parameters are taken as m u = m d = (0.0056 ± 0.0016) GeV, f π = 0.130 GeV, m π = 0.138 GeV, λ 3 = 0.0, f 3π = (0.45 ± 0.15) × 10 −2 GeV 2 , ω 3 = −1.5 ± 0.7, ω 4 = 0.2 ± 0.1, a 2 = 0.25 ± 0.15, a 1 = 0.0, η 4 = 10.0 ± 3.0 [4, 10, 17] ,= −(0.24 ± 0.01 GeV) 3 ,
.
In this article, we neglect the perturbative O(α s ) corrections to the strong coupling constant g ∆N π , and take the values of the pole residues λ p and λ ∆ without perturbative O(α s ) corrections for consistency.
In calculation, we observe the main uncertainties come from the two parameters a 2 and η 4 in the two-particle light-cone distribution amplitudes, as the dominant contributions come from the two-particle light-cone distribution amplitudes φ π (u) and A(u), the contributions from the terms involving the three-particle (quarkantiquark-gluon) light-cone distribution amplitudes are of minor importance, about 7% of the contribution from the term
. The uncertainty of the parameter a 2 obtained in Ref. [10] is very large, in this article, we take smaller uncertainty, say 30% (i.e. a 2 = 0.25 ± 0.08), which is the typical uncertainty in the QCD sum rules.
The values of the vacuum condensates have been updated with the experimental data for the τ decays, the QCD sum rules for the baryon masses and analysis of the charmonium spectrum [18, 19, 20] , in this article, we choose the standard (or old) values to keep in consistent with the sum rules used in determining the nonperturbative parameters in the light-cone distribution amplitudes.
The threshold parameter s 0 is chosen to be s 0 = (3.4±0.1) GeV 2 to avoid possible contamination from the contribution of the P 33 baryon ∆(1920) in the pπ + scattering amplitude [21] . Furthermore, it is large enough to take into account the contribution of the ∆(1232). However, the interpolating current J µ (x) has nonvanishing coupling with the isospin I = states, the contribution from the S 31 state ∆(1620) is included in if the ∆(1620) has negative parity [1] . We choose the tensor structure σ αβ p α q β p µ to avoid the contamination.
The Borel parameters are chosen as
in those regions, the value of the strong coupling constant g ∆N π is rather stable with the variation of the Borel parameter M 2 , which are shown in Fig.1 . Taking into account all the uncertainties, finally we obtain the numerical results for the strong coupling constant g ∆N π , which are shown in Fig.1 ,
for the parameter a 2 = 0.25 ± 0.15 and a 2 = 0.25 ± 0.08 respectively. The strong coupling constant g ∆N π has the following relation with the decay width Γ ∆→N π ,
If we take the experimental data as input parameter, Γ ∆→N π = is rather good. In the region [20] . If the radiative O(α s ) corrections to the leading perturbative terms are companied with large numerical factors, just like in the case of the QCD sum rules for the mass of the proton [19] ,
the contributions of the order O(α s ) are large, neglecting them can impair the predictive ability. Furthermore, the pole residues λ p and λ ∆ also receive contributions from the perturbative O(α s ) corrections, if we take them into account properly, we can improve the value of the strong coupling constant g ∆N π .
Conclusion
In this article, we calculate the strong coupling constant g ∆N π and study the strong decay ∆ ++ → pπ + with the light-cone QCD sum rules. The numerical value of the strong coupling constant g ∆N π is consistent with the experimental data. The small discrepancy maybe due to failure to take into account the perturbative O(α s ) corrections.
where g
The light-cone distribution amplitudes of the π meson are parameterized as [10] φ π (u) = 6u(1 − u) 1 + a 1 C 
